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The  Effect  of  Ultraviolet  Irradiation  cm  the  Mineral  and  Sitrogea  Meta** 
bolls®  of  Adolescents. 

"by  A,  P.  Snit#fcova,  candidate  of  medical  sciences,  and  E,  A.  X&lisinft, 
candidate  of  isedical  aclencss. 


Hygiene  and  Sanitation  (USSR),  Aj;  lit  37— 4*3 :  1958. 


At  present  there  are  sufficient  data  on  the  Investigation  concerning 
the  influence  of  sunlight  oa  the  animal  and  hrntaa  organ  Isas,  Ae  a&e  been 
eetabl ished  by  K,  f.  G&laaln,  A.  P.  Jab&lueva,  S.  Y«  Sonetesfeia  and  T«  A. 
Svinderskaia,  &,  H,  frank  at  al.  due  to  the  effect  of  ultraviolet  irradi¬ 
ation,  in  the  husan  organism  are  d  Teioped  easy  complex  processes  in  the 
akin  end  in  reticuloendothelial  and  central  nervous  systems,  vitamin  2  1* 
synthesised,  the  immunity  reaction  is  iacr**#ed,  the  »etab&liest  is  stim¬ 
ulated. 

The  intensify  of  ^.he  m'e  ultraviolet  radiation  varies  in  the  different 
latitudes  and  also  during  the  course  o'p  Ahe  day  and  .year.  According  to  the 
data  of  N,  ?.  Oalaain,  shout  70  $  of  the  ultraviolet  radiation  occurs  is  4 
spring-summer  months,  there  ie  little  in  she  fall  and  poetically  acre  in 
the  viator.  The  natural  ultraviolet  radiation  of  the  sun  is  deere^ed  'y 
20-30  $  in  large  cities,  du®  to  the  pollution  of  the  atmospheric  sir  by  dust, 
smoke  and  gases  (S»  F,  Galaaln,  B.,  Ya  liikhter}.  The  requirement  in.  ult  .a- 
violet  radiat ion  for  ».n  or  gin-si#®  is  extremely  great, 

Th®  .lack  of  natural  ultraviolet  radiation  can  be  made  up  by  irradiation 
with,  .artificial  sources,,  The  numerous  experiment#  on  animals  and  observation# 
os  humane  indicate  that  artificial  sources  of  ultraviolet  radiation  are  com- 
pleraly  active  biologically. 

According  to  the  data  of  i.-.  M»  Sants Ig,  A„  P,  2abalu»va,  la.  X.  Peyehtadt, 
I.  K.  Tslanovaia,  A,  f,  Chernaviaale  <*t  al, radiation  fro*;  artificial  source® 
lead#  t*  the  formation  of  vitamin  2,  and  to  th*  nornallatd ion  of  the  phos¬ 
phor  Dua-calcium  ®x«hang*.  However,  a»  concern*  the  noxmalixation  of  tho  phos¬ 
phorous-  calciutt  exchange,  th#  Invest igatcr#  Judge*  by  biochemical  examina¬ 
tion#  of  tho  blood  (by  the  content  of  inorganic  calcium  i.id  phosphorus,  by 
the  activity  of  th#  alkaline  phospnataee),  by  changes  of  the  permeability  of 
t?:.e  cap  JUar  lets  and  by  roent genographlc  invest  igat  Ion*  of  the  tubula*  bor.ee. 
in  the  indicated  work* ,  a#  a  rule.,  there  was  au  absence  of  data  concerning 
the  quantitative  and  qualitative  aide  of  the  feeding  of  the.  group#  being 
invest  lgnted,  ami.  about  the  balance  of  calcium  and  phosphorus  In  the  organ¬ 
ism.  Meanwhile,  the  normalisation  of  the  phosphoros-calviuft  exchange  depends 
to  a  significant  degree  on  the  content  in  the  food  of  calcium,,  phosphorus, 
magueelu;  proteins,  fat#  and  soae  vitamins,  and  also  oojjfchelr  r~1at loaehipe 
with  each  other. 

Today  it  is  generally  acknowledged  that  the  food  aliotnutco#  for  tne 
adult  and  part icuiarly  for  the  children’s  collectives  do  not  Al way*  meet  the 


organism's  demand  for  ealeiusu  The  deficit  of  calcium  Is  the  rat  low  is  $t  ip- 
ulated  by  the  fact  that  la  the  majority  of  the  products  consumed*  stales 
is  contain®!  la  small  quantities,  or  la  a  form  that  is  poorly  aesinvlKbls. 
Meanwhile,  **  know  the  ‘wportane*  of  calcium  for  the  function  of  %'m  central 
nervous  system,  for  the  bloed-dirculat ioa  organs*  for  the  digestion,  its  in¬ 
fluence  on  the  coagulability  of  the  blocd ,  on  the  permeability  of  the  cell** 
ular  »esbr*nee,  the  conduct ing  of  the  nervous  impulses*  Saleiam  la  also  % 
plastic  material  for  tbs  synthesis  of  osseous  tissue,  fas  demand  for  calcium 
is  part iaularly  lacrasgsd  in  the  childhood  and  adoleeesat  years*.  X*  the  per¬ 
iod  of  intensive  growth  and  formation  of  the  skeleton,  A  prolongs!  deficiency 
of  calcium  in  the  food  will  lead  to  a  significant  decrease  in  the  general 
quantity  of  calcium  in  the  organism  that  cannot-  but  be  reflect «4  is  the*  con¬ 
dition  and  physical  development  of  children  and  adolescents, 

la  connection  with  what  has  been  outlined  ab<..,s<  a  great  actuality  as . 
practical  importance  are  attained  by  invest igat ions  which  are  directed  at  & 
prophylaxis  of  fee  calcium  deficiency  in  the  feeding,  particular?  of  chil¬ 
dren  and  adolescents, 

la  the  department  of  nutritional  hygiene  of  the  Moscow  Scientific  B.s~ 
search  Institute  of  Sanitation  and  Hygiene  is,  (in  name  of)  T,  f,  Brip^-a, 
Ministry  of  Public  Health,  BSFSB,  experiment*  have  been  conducted  for  the 
las*  6  years  os  increasing  the  content  of  assimilable  oft* -him  In  the  food 
rations  of  children  and  adolescents,  and  on  aa  investigation  of  factors 
which  increase  the  age imil&b lilt y  of  the  food's  calcium  by  &  growing  organ¬ 
ism,  Thus,  in  1951-1953 »  oa  children  8-10  years  of  age,  the  question  con¬ 
cerning  the  possibility  of  the  use  of  talc  iu»  contained  in  eorae  vegetables 
by  ©  child's  organism  was  investigated,  in  as  »ucc  as  vegetables  rank  second 
only  to  milk  products  In  calcium  contents. 

The  physiologies!  investigation*  conducted  by  u*  on  metabolise  in  chil¬ 
dren,  who  were  on  a  food  ration  with  a  predominance  of  groats,  but  containing 
some  vegetables  (carrot*,  white  headed  oabbage, fresh  and  fermented,  cav ’ i~ 
flows, a  and  others’),  showed  that  the  calcium  contained  in  the  vegetables  ie 
utilised  to  a  significant  degree  by  a  child5®  organism.  The  balance  and  re¬ 
tention  of  the  calcium  upon  subev  ^ tut  ion  of  a  portion  of  the  groats  in  the 
food  fat lone  b>  vegetables,  by  the  whitehead ed  cabbage  and  carrots  In  oar- 
ticulor,  was  significantly  iacreaeed. 

In  1954  ,  in  children  10-11  year#  of  age,  the  influence  of  D  vltemin- 
lxat ion  on  the  balance  of  calcium  and  other  mineral  substances  was  invest¬ 
igated,  The  Investigation#  showed  that  a  prophylactic  20-day  vltamlnl int ion 
of  school-age  children  with  vitamin  Dg  in  a  at  'lass  1  d-se  (500  units)  con¬ 
tributes  to  a  better  utilisation  of  the  calcium  which  ie  taken  with  the  food. 

The  presmut  work  is  a  logical  continuation  of  the  invent igat lon«  of  the 
preceding  years.  Included  in  its  alas  i*  a  further  search  for  agents,  which 
can  lo  utilised  in  the  prophylaxis  of  calcium  deficiency.  We  investigated 
the  uni  1 i  now  little  knows  subject  of  the  in flue nee  of  vegetables  and  ultra¬ 
violet  Irradiation  on  the  mineral  *  and  for  the  most  part  on  the  calcium  ex¬ 
change  in  youths  (age  15-17  yeas*  t } . 


In  our  investigations  the  study  of  the  influence  of  ultraviolet  irrad¬ 
iation  was  conducted  on  an  established,  carefully  regulated  feeding,  A  trade 
school,  which  trained  mechanics  in  the  repair  of  agricultural  machinery, 
sorvod  ae  a  base  for  our  investigations.  The  living  and  working  conditions  in 
the  school  were  satisfactory.  The  feeding  of  the  trade  school's  students  was 
carried  out  according  to  the  norms  which  were  approved  in  1953*  We  made  a 
tabulation  of  the  calory  content  and  nutritional  value  of  the  approved  col¬ 
lection  of  products  and  food  rations  for  the  trade  school's  students  (ac¬ 
cording  to  the  dqta  of  the  distribution  menu  for  the  1955/56  academic  year). 
An  excerpt  of  the  distribution  menu  was  conduoted  for  6  days  of  each  month 
by  the  method  developed  by  the  Institute  of  nutrition,  AMN,  USSR.  The  re¬ 
sults  of  the  tabulations  are  shown  in  table  1. 

(Table  1) 

from  the  data  of  table  1  It  is  seen  that  the  actual  aomposition  of  the 
food  rations  of  the  students  in  the  trade  school  does  not  differ  substan¬ 
tially  from  the  approved  collection  of  products.  However,  the  content  of 
proteins,  fats  and  particularly  fats  in  the  student's  food  rations  is  sig¬ 
nificantly  lower  than  the  physiological  norm  for  adolescents.  The  calcium 
content  in  the  rations  also  proved  to  be  low  -  600-700  mg  per  24  hours  in¬ 
stead  of  1000  by  the  physiological  norm. 

During  the  period  of  our  observations  the  selected  group  of  youths  (13) 
were  situated  in  conditions  that  are  standard  for  trade  schools.  The  youths 
were  not  torn  away  from  the  daily  living  and  school  schedule.  The  regime  of 
work  and  foeding  was  preserved  in  its  entirety  for  them  also. 

The  ultraviolet-ray  irradiation  of  the  adolescents  was  done  in  the  med¬ 
ical  facility  at  the  school.  The  mercury-quart*  lamp,  PHK-2  (without  reflec¬ 
tor),  served  as  the  source  of  radiation.  The  intensity  of  the  ultraviolet 
radiation  was  measured  by  on  ultraviolet  meter  from  the  All-Union  Light  Engi¬ 
neering  Institute  (construction  by  Engineer  Shklover),  the  biological  dose 
of  the  Irradiations  was  determined  individually  with  the  Gorbachev  biodosi- 
meter.  The  average  erythemal  biodoso  at  a  distance  of  1  m  from  the  burner 

mlcrovolt/mln. 

equalled  2  minutes,  or  262  cm2  .  The  irradiation  started  with  i- 

of  tho  erythemal  biodoso,  that  is,  for  1  minute,  and  wan  conducted  within 
a  day.  In  all,  there  were  20  irradiations.  The  exposure  was  gradually  in¬ 
creased,  and  by  the  20th  irradiation,  amounted  to  6  biodosee.  During  the 
exchange  investigations,  the  youths  (4)  were  changed  to  an  experimental  food 
ration.  The  collection  of  products  used  in  the  experimental  food  ration  was 
conetant  (table  2),  the  bill  of  fare  was  changed  daily. 

In  tho  preparation  of  the  food,  the  products  were  weighed  separately  for 
each  youth.  The  youths  ate  the  prepared  food  without  leaving  left-ovors.  Dur¬ 
ing  the  exchange  Investigations  tha  youths'  water  consumption  was  also  taken 
into  account.  It  was  established  that  on  an  average  the  youths  received  80  mg 
of  calcium  with  their  water  in  24  hours. 

The  investigation  of  metabolism  was  conduoted  prior  to  and  after  the 
ultraviolet  irradiation.  Both  in  the  first  and  also  the  second  case,  the 
observations  were  conducted  for  a  10  day  period,  of  vhloh  4  days  were  prior 
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to  the  test.  During  the  days  of  the  Investigations ,  an  account  was  made  of 
the  food  consumed  hy  each  youth,  and  the  excretions  (urine,  fecos)  were  col¬ 
lected.  The  calcium,  phosphorus,  magnesium  and  nitrogen  were  determined  in 
the  material  (food  and  excretions)  received  in  the  exchange  Invest igat lone. 
The  data  received  (expressed  in  average  figures)  aro  shown  in  graphs  1-4. 

Tho  data  on  the  study  of  calolum  exchange  in  adolescents  (prior  to  and  after 
ultraviolet  irradiation)  are  shown  in  graph  1. 

(Graph  1) 

As  eeon  in  graph  1  the  calcium  consumption  with  tho  ration  prior  to  and 
after  the  ultraviolet  irradiation  was  practically  the  same,  and  on  an  average 
amounted  to  1,117  mg.  in  24  hours.  The  calcium  loss,  particularly  with  the 
feces,  was  reduced  after  the  youths1  ultraviolet  irradiation  to  351  mg  in  24 
hours,  as  compared  to  644  mg  prior  to  irradiation.  In  relation  to  thie  the 
calciiim  balance  increased  from  4  394  to  4  697  ®g  in  24  hours,  and  the  reten¬ 
tion  from  34.9  to  62.4  Therefore,  after  the  ultraviolet  Irradiation  the 
capability  of  the  organism  to  retain  the  calcium  from  the  food  had  increased. 
This  provides  a  basis  to  consider  its  use  in  the  plastic  processes  of  a  grow¬ 
ing  organism. 


’  (Graph  2) 

(Graph  3) 

Tor  a  more  complete  picture  of  tho  changes  in  the  mineral  exchange  under 
tho  influence  of  on  ultraviolet  irradiation,  we  eIbo  investigated  the  exchange 
of  phosphorus  and  magnesium  in  the  adolescents.  In  graph  2  are  presented  the 
data  on  the  exchange  of  phosphorus  In  the  youths  (prior  to  and  after  the 
ultraviolet  irradiation). 

From  graph  2  it  is  seen  that  the  phosphorus  balance  in  the  youths  after 
the  course  of  ultraviolet  irradiation  was  raised  from  /  382  to  ■/  690  mg  in 
24  hours  with  an  identical  intake  of  it  with  the  food.  The  phosphorus  loss 
was  curtailed  significantly  in  the  feces  (  from  496  to  354  mg  per  24  hours) 
and  particularly  in  the  drine  (from  800  to  603  mg  per  24  hours).  Tho  re¬ 
tention  of  phosphorus  in  the  prganisn  was  raised  from  22.2  to  41.9 

In  graph  3  are  presented  the  data  on  the  exchange  of  magnesium  in  the 
youths  (prior  to  and  after  the  ultraviolet  irradiation). 

From  graph  3  it  follows  that  the  balance  of  magneeiua  after  the  ultra¬ 
violet  irradiation  also  raises  from  4  88  to  4  117  '’’g  per  24  hours  due  to  the 
curtailment  of  the  extraction  of  magnee iuo^by  the  feces  from  4  385  to  4  283 
rog  per  24  hours. 


(Graph  4) 

In  graph  4  are  shown  the  results  of  the  study  of  the  nitrogen  exchange 
in  the  youths  (prior  to  and  after  the  ultraviolet  irradiation). 

As  Bean  In  graph  4,  the  consumption  of  nitrogen  with  the  food  prior  to 
and  after  the  ultraviolet  inradiation  was  identical  and  amounted  to,  on  an 
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average,  17.6  mg  per  24  hour*.  After  the  ultraviolet  Irradiation  the  ex¬ 
tract  Ion  of  nitrogen  fcy  the  feces  and  particularly  by  the  urine  wee  reduced 
from  11.21  to  9.8  g  for  24  hours.  The  increase  of  the  nitrogen  retention  from 
26.2  to  32.1  $, ae  a  result  of  a  decrease  of  ite  extraction  by  the  urine, in¬ 
dicates  an  activation  of  the  plastic  processes  in  the  youths'  organisms  after 
the  ultraviolet  irradiation.  The  increase  of  the  positive  balanoe  of  nitrogen 
from  4  4.86  to  4  5.63  &  P*r  houre  also  attssts  to  this. 

In  like  manner,  the  data  received  by  us  in  the  process  of  the  exchange 
invent lgat ions  conclusively  point  our  that  a  prophylactic  irradiation  of 
youths  activates  the  exchange  processed  in  the  organism.  After  an  ultravio¬ 
let  irradiation,  the  capability  of  an  arganism  to  utilise  the  mineral  ele- 
raento,  particularly  calcium  and  even  nitrogen,  in  food  is  increased  to  a 
significant  degree. 


Conclusions 


1.  The  feeding  of  students  in  a  trade  school  is  conducted  in  accordance 
with  the  existing  norms,  but  the  content  of  nutritive  substances  in  the  stu¬ 
dents’  rations,  such  as  proteins,  fats  (especially  animal)  and  calcium  from 
the  mineral  eubstancee,  is  lower  than  the  physiological  norms. 

2.  A  prophylactic  irradiation  of  the  youths  with  ultraviolet  rays  sig¬ 
nificantly  increase  the  capability  of  the  organism  to  utilise  the  mineral 
substances  and  proteins  of  the  food.  The  reteition  of  calcium  in  the  organism 
after  the  ultraviolet  irradiation  was  raised  from  34.9  to  62.4  phosphorus 
-  from  22.2  to  41.9  $>  and  nitrogen  -  from  26.2  to  32.1  lf>. 

3.  The  results  which  were  received  enable  the  raising  of  a  question  con¬ 
cerning  the  increase  in  products  of  animal  origin  and  vegetables  in  the  nu¬ 
trition  of  students  ajid  of  the  expediency  ia  the  organisation  of  fotariev* 
(transliterated  from  the  Russian  text  -  this  word  is  not  included  in  any  of 
the  technical  dictionaries  available  to  the  translator.). 
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Table  1 


The  organic  and  mineral  composition  of  the  food  ration  in  trade  schoolo. 


Compos  it  ion  of 
the  ration. 


According  According  According 

to  the  to  the  to  the 

approved  data  of  the  phyeiolog- 

collection  distribution  leal  norms 

_of  .produce  __  jseau.  _ _ _ _ _ _ 


Pr o t o ins  (in  g) 

Animal  protein 
among  them. 

Pate  (in  g) 

Animal  fats 
among  them. 


86,32 


27.14 

53.28 


35.92 


Hydro  carbons  (in  g]  542.62 

Calorific  value 

(in  large  calories)  3,062. 

Calcium  (in  mg)  642. 


95.11 


25.21 

52.57 


41.25 

553.11 


3,148. 


3,340 

1,000 


Phoaphorua_(j.n_mg)_|2.,2.23_. _ 1 1»Z6£. _ _  _ |  _1  x5.QPr.2 aPfiP* _ 


Table  2 


The  products  included  in  the  experimental  food  ration  (in  g). 
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Graph  1,  -  Calcium  Exchange  in  adolescents.  (15-17  years). 

Figures  indicate  the  quantity  of  calcium  in  grams.  The  graph  on  the  left 
is  for  the  period  prior  to  the  ultraviolet  radiation.  The  one  to  the  right 
is  for  the  period  after  the  ultraviolet  treatment. 


Explanation  of  graph  (from  top  to  bottom) t  General  Consumption  of  Calcium 

with  the  food. 

Loss  of  Calcium  with  the  fecee. 
Loss  of  Calcium  with  the  urine. 
Calcium  Balance. 
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Graph  2.  -  Phosphorus  axohenge  la  adolescents  (15-17  years). 

figures  indicate  the  aaount  of  phosphorus  in  grams.  The  graph  on  the  left 
shows  the  amounts  prior  to  the  ultraviolet  irradiation.  The  one  on  the  right- 
the  amounts  after.  Tha  lines  on  the  extracts  right  of  each  graph  aro  the  average. 

Explanation  of  graph  (froa  top  to  botto«)j  General  consumption  of  phos- 

phorue  with  the  food. 

Loss  of  phosphorus  with  the  fecea. 
Loss  of  phosphorus  with  the  urine. 
Phosphorus  balance. 
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Graph  3.  Magnosium  exchange  in  adolescents  (15-17  years). 

Figures  indicate  the  quantity  of  magnesium  in  grams.  The  graph  on  the 
left  is  for  the  period  prior  to  the  ultraviolet  irradiation.  The  one  on  tho 
right  nhows  the  amounts  after  the  ultraviolet  treatment.  The  lines  on  the 
ext  ram©  right  of  both  graphs  show  the  average. 

Explanation  of  graph  (from  top  to  bottom)?  General  consumption  of  mag¬ 
nesium  with  the  food. 

Loss  of  magnesium  with  the  feces. 
Loss  of  magnosium  with  the  urino. 
Magnes lum  balance . 
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Graph  U.-  Nitrogen  exchange  In  adolescents  (15-17  years). 

Figures  Indicate  tho  quantity  of  nitrogen  In  gramo.  The  graph  on  the  left 
In  for  the  period  prior  to  the  ultraviolet  irradiation.  The  one  on  the  right 
shows  the  amounts  after  the  ultraviolet  treatment.  The  lines  on  the  extreme 
right  of  both  graphs  show  the  average. 

Explanation  of  graph  (from  top  to  bottoo  )  :  General  consumption  of 

nitrogen  with  the  food. 

Loss  of  nitrogen  with  the 
feces. 

Loss  of  nltrogon  with  the 
urine. 

Nitrogen  balance. 
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